of the above-mentioned factors is obvious. Meanwhile, since the procedures advocated are not considered hazardous, it seems reasonable to recommend that persons with high risk characteristics should attempt to change them in a favourable direction. Summary and Conclusions (1) Evidence has been presented demonstrating that elevated serum cholesterol level, elevated blood pressure, obesity, cigarette smoking, and low vital capacity are associated with an increased risk of developing coronary heart disease.
(2) Combinations of risk factors further augment susceptibility making it possible to select subgroups of the population at particularly high risk of developing coronary heart disease. Estimates of the magnitude of risk are presented.
(3) Although evidence is still lacking that favourable change in these factors is necessarily beneficial, it is suggested that such an assumption is reasonable. by M J Karvonen MD PhD (Helsinki, Finland) Existing Epidemiological Information The most important sources of epidemiological information have been and still are the mortality statistics. According to these, atherosclerotic diseases, particularly coronary heart disease (CHD), are common among all nations belonging to Western civilization. The coronary mortality of a nation generally is roughly related to the national wealth or to several indicators of it.
Finland shares with the Anglo-Saxon countries the top places on the list, with an incidence of coronary deaths (International List, Sixth Revision, Chron. World Hlth Org. (1958) ) which seems even to exceed that in the United
States. This appears somewhat puzzling, since Finland is by no means one of the leading countries in the economic sphere. It is noteworthy that the Scandinavian neighbours of Finland Sweden, Norway and Denmarkshow considerably smaller coronary mortality than Finland, particularly among middle-aged men, although these countries have been ahead of Finland in their general economic development.-A regional analysis of mortality within Finland has brought out interesting differences (Kannisto 1947) : the coronary mortality is highest in the east and lowest in the south-west. The latter is a relatively rich agricultural area, while -forestry is the main source of income in the east; there the majority of men are rather poor smallholders who do farming in the summer and woodcutting in the winter. While international comparisons of mortality statistics suffer from many sources of error, a comparison within a country may be more reliable. An analysis of death certificates according to several factors which might be responsible for 'artificial' regional differences in coronary mortality has not yielded any obvious explanation (Teir & Kankaanpaa 1961, personal communication) .
A similar difference in the prevalence of cardiovascular disease is also shown by the existing morbidity statistics. The State Pension Office pays pensions to those disabled by cardiovascular disease considerably more often in the east than in the south-west of Finland. In-other major diagnostic entities, regional differences, if any, are much less marked (Kansaneliikelaitos 1956) .
Clinical surveys
Even if there is no reason to suspect a systematic bias in the existing mortality and morbidity statistics, the basic sources of information are often unreliable. To obtain more accurate data, special surveys are needed. Two such studies have been carried out in Finland, the first in 1956 and the second in 1959. Both were planned as a part of an international co-operative study, directed by Professor Ancel Keys of the University of Minnesota. The aims were (1) to compare within Finland two regions of widely different mortality records, and (2) to obtain data which may be used for international comparisons. The first survey was a study of 869 ostensibly healthy men, aged 20 to 59, and its primary purpose was to characterize the 'normal' population as regards several parameters . The second was a 'total population' study of all men from 40 to 59 years old, living in selected regions.
A total of 1,677 men was examined in two regions. This was 97-98% of the total male population in this age range living in the areas chosen. A thorough, clinical examination was made and the results were recorded' on standardized forms. Four clinicians shared this work, two of them working in both areas. The number of men without any serious disease was significantly higher in the west (61 Y.) than in the east (47 Y.). This difference was not due solely to cardiovascular disease; other diseases, particularly chronic non-tuberculous respiratory disease, were more common in the east than in the west. Among the circulatory diseases and symptoms, angina pectoris was reported considerably more often in the east (5-1 %) than in the west (14%). The high frequency in the east may, however, be partly ascribable to exposure to precipitating circumstances, i.e. to very strenuous physical work at low temperatures during the woodcutting season in the winter.
More objective evidence of CHD is produced by electrocardiography. A standardized recording and classification system was used (Blackburn et al. 1960 ). Abnormalities generally associated with an insufficient supply of blood to the myocardium tended to be more common in the east than in the west. However, the differences did not attain statistical significance for the Q and QRS patterns ascribable to pa$t infarction. Only T wave abnormalities were sufficiently frequent to make the difference, 10-8% as against 7 4%, statistically significant. It may be concluded that, in order to demonstrate, with the aid of a crosssectional electrocardiographic study, a statistically significant difference of the order of 3: 2 in the prevalence of CHD, the populations should be at least three times as large as those studied by us, and larger still in countries where coronary heart disease is less frequent than in Finland.
A post-exercise electrocardiogram was recorded on 1,592 men. It contributed hardly anything of value to the information obtained from the resting ECG. According to our experience a post-exercise ECG may well be omitted from further studies of a similar nature.
The clinical and the electrocardiographic studies gave further support to the statistics according to which coronary heart disease is more common in east Finland. The next problem was to find out whether the populations showed any differences in factors which might affect the risk of coronary heart disease. Information was obtained on (a) family structure, (b) body type, (c) serum cholesterol level, (d) diet, (e) blood pressure, (f) smoking habits, (g) lung function and respiratory symptoms, (h) occupation and physical activity.
The men in the west were taller; obesity was relatively uncommon in both areas.
The serum cholesterol was rather high in both areas, particularly in the east. At the age of 50, the mean in the east was approximately 270, in the west approximately 260 mg/100 ml. At all ages, the mean was higher in the east. These mean values are quite exceptional, higher than reported hitherto for any other population. The Helsinki fire brigade was included in the 1956 study, since similar occupational groups have been studied in some other countries. After the age of 30 the mean serum cholesterol of Helsinki firemen was highest, with Minneapolis (U.S.A.), Malmo (Sweden) and Naples (Italy) firemen following in that order (Keys et al. 1958) .
High serum cholesterol levels are generally ascribed to a high intake of fats, particularly of saturated fatty acids. An extensive dietary survey was made in 1956 (Roine et al. 1958) , by weighing the food consumed during a week by a total of 84 families; the survey was repeated on half the group six months later. The results showed that the rural people obtained approximately 35 % of their total calories from fat. This fat intake is high but by no means unique; in the United States, up to 42 % of the total calories have been reported to come from fat. However, Finnish diet contains unusually little linoleic and other polyethenoid fatty acids, which may explain the exceptionally high serum cholesterol level.
The diets eaten by the families in the west and east differed little, hardly enough to explain the difference in the serum cholesterol level of the men. A solution to this problem was obtained in a new dietary study in 1959 (Roine & Pekkarinen 1961, personal communication) . A family dietary survey was again made, but in addition to the total family consumption, the food intake of the men was separately determined. Although the family diet still showed little regional difference, the .men in the east selected more fat from the family diet than their average share; they obtained 39-2% of calories from fat, as against 35-4% in the west. The difference was statistically significant and evidently adequate to explain the corresponding difference in the serum cholesterol levels.
An elevation of blood pressure has been reported to increase the risk of coronary heart disease (e.g. Dawber et al. 1957 ). The mean systolic pressure was approximately 140 mm Hg in the west. In the east it was 9 mm Hg higher. In the diastolic pressure there was a corresponding regional difference of 7 5 mm Hg. The distribution of the blood pressures within each region showed no obvious bimodality. The difference remained the same over the entire age range from 40 to 59 years.
The Finnish are a nation of cigarette smokers. Although the total consumption of tobacco per person in Finland is lower than in the Scandinavian countries, cigarette consumption is approximately twice as high. In several studies cigarette smoking has been found to be associated with an increased risk of CHD, while cigar and particularly pipe smoking show less risk, if any.
The higher frequency of CHD in Finland than -in Scandinavia may be, at least partly explained by smoking habits. There is a west-east difference in smoking within Finland itself: non-smokers are less and heavy cigarette smokers more common in the east than in the west (cf. Karvonen et al. 1959) .
The men were divided into four groups according to the degree of physical activity involved in their daily work. Group I represented the sedentary men and group 4 those doing very heavy work, mainly whole or part-time woodcutting in the forests; groups 2 and 3 are intermediate. In the east almost half of the men belonged to group 4. When this group was compared with the three less active ones a marked difference was observed in the frequency of electrocardiographic abnormalities. Q and QRS patterns associated with past coronary infarct occurred in 08 % of lumberjacks as against 3 9% of men in other occupations. ST changes were four times and T changes one and a half times as common among other men as among the lumberjacks. High voltage R waves were, on the other hand, more common among the lumberjacks. There were no other significant differences (Karvonen, Rautaharju, Orma, Punsar & Takkunen 1961) . The differences were not explained by smokingheavy cigarette smoking was more common among the lumberjacksnor by arterial pressure which was practically the same in both groups. There was also no difference in the serum cholesterol level, which may appear surprising. A study made in the lumberjacks' working camps (Karvonen, Pekkarinen, Metsilki & Rautanen 1961) has shown that they obtain as much as 45% of their total calories from fat. It seems that the intense work and the high fat intake balance each other in such a way that the serum cholesterol stays at the same level as in the men who work less strenuously.
The areas studied were rural and, hence, only a limited number of occupations were included. The serum cholesterol values showed no clearcut gradation according to the degree of physical activity. Among all the major occupational groups only the foremenmainly forestry foremendiffered significantly from the entire series: their mean serum cholesterol was as high as 293 mg/100 ml, i.e. even higher than the values reported for United States Air Force officers (Schlesinger et al. 1959) . A probable explanation for the high serum cholesterol is that the forestry foremen eat the same food as the woodcutters but do not undertake heavy work.
Experimental Epidemiology
The clinical surveys have essentially confirmed that CHD is common in Finland, particularly in the eastern part of the country. The high prevalence of the disease is associated with high serum cholesterol values,with a diet rich in saturated fat, with heavy cigarette smoking and with high blood pressure. Among those not doing heavy work the prevalence is highest. These observations by themselves do not lead anywhere. A new approach is needed, that of an epidemiological experiment. One or other of the factors associated with an increased risk of CHD must be changed and the effect observed. Small scale experiments have shown that the serum cholesterol level may be affected by changing the type and amount of dietary fat. On this basis, the diet of a Finnish mental hospital was changed at the beginning of the year 1959. The change consisted in the replacement of milk by an emulsion of soy-bean oil in skim milk, of butter and margarine by special margarine with a high content of linoleic acid, and of solid cooking fats by soy-bean oil. This brought the ratio of saturated to polyethenoid fatty acids from 6-6 to 2-0, with hardly any alteration in the total amount of fat consumed. The type of meal served and the taste of the food remained practically the same. No decision to alter dietary habits was involved (Turpeinen et al. 1960 ). Now, more than two years after this change of diet the mean serum cholesterol of middle-aged men in the experimental hospital is 200-210 mg/ 100 ml, while the corresponding figure in a control hospital with no intentional dietary change is 270-280 mg/100 ml. For women the difference is considerably smaller, about 30 mg/100 ml. No tendency to return to previous values has been seen.
The dietary change had an interesting sideeffect on the clotting mechanism. The whole-blood coagulation time, as determined by the silicon technique, increased over the first half-year from a mean of 52 7 minutes to 64-8. No change occurred in the control hospital (Buzina et al. 1961) .
Although the total number of patients in the experimental hospital amounts to more than a 1,000, the number of men in the high-risk age groups remains relatively small. At least five years will be needed before an eventual preventive effect of the dietary change on CHD may be assessed. Annual electrocardiographic examinations and mortality data will provide the criteria for such an assessment.
Inter-American Studies of Pathology by Jack P Strong MrD (New Orleans, La., U.S.A.) Population differences in the incidence of ischimic heart disease have been demonstrated by mortality rates, clinical surveys, and autopsy studies. There are imperfections in all these methods, but there is little doubt that occlusive coronary artery disease and its sequelk are more common in certain populations than in others. Populations which have a higher incidence of ischaemic heart disease include, inter alia, persons living in the United States, United Kingdom and North Europe; males, as opposed to females; persons with high serum cholesterol and other serum lipid components; hypertensives; and diabetics. Evidence for an increased incidence of ischtemic heart disease in some of these groups has been presented by Dr Dawber. Wide variations in morbidity and mortality from ischwmic heart disease in different parts of the world suggest that environmental factors may be of primary importance in its causation. Differences in opinion about the relationship of atiological factors, atherosclerotic lesions in the coronary artery wall and the terminal occlusive episode to ischmmic heart disease emphasize the need for accurate determinations of each of these factors in attempting to unravel this complex problem by population studies. Some observers attribute geographical, racial and sex differences in the incidence of myocardial infarction to differences in severity of coronary artery lesions (Stamler 1958 , Wainwright 1961 , Blache & Handler 1950 , while others suspect that the differences in infarcts are caused not by variations in atherosclerotic lesions but variations in a tendency to thrombosis (Morris & Crawford 1961) .
Our interest in this subject has been directed toward the underlying arterial, lesions which set the stage for occlusion and ischtmia. To deter-mine the prevalence and extent of arterial lesions in a population poses a number of problems. These lesions may remain clinically silent for many years before giving rise to clinically manifest disease, and there is no method of detecting them accurately other than by examination of the vessels at autopsy. Because of the almost universal presence of some degree of such lesions in the adult population (at least in the United States and United Kingdom), the question is not whether an individual has atherosclerosis but how much of what type of lesion is present.
Our studies of the disease have been concerned with the natural history of the various types of atherosclerotic lesions, the relationship of fatty streaks to fibrous plaques and advanced lesions, and the relationship between arterial lesions and isch2emic heart disease. They have been designed to compare populations of differing race and environment. Geographical comparisons of the early lesions of aortic atherosclerosis (Strong et al. 1958 , Restrepo & McGill 1959 , Strong et al. 1959 ) and of coronary lesions (McGill et al. 1959 ) have been reported. These studies have shown that fatty streaks occur in almost all aortas from all populations, even at early ages, and have shown quantitative differences in aortic fibrous plaques parallel to suspected differences in the incidence of clinical disease. Preliminary comparisons of coronary lesions have shown geographical differences greater than those in the aortas.
We are now participating in a collaborative study of atherosclerotic lesions in fifteen areas in the Americas, Africa and Asia. The project is sponsored by the Instituto de Nutricion de Centro America y Panama (INCAP) and
Louisiana State University School of Medicine, directed by four pathologists from these institutions (HCM, Cl, CR and JPS), and supported by the United States Public Health Service and the British Colonial Medical Research Council. This study, named the Interamerican Atherosclerosis Project (IAP) or Proyecto Interamericano de Aterosclerosis (PIA),' is designed to
